###### Strengths and limitations of this study

-   International, multicentre study including patients from high-income and lower-middle income countries. This will ensure international applicability of this patient-reported outcome (PRO) instrument for children and adolescents with lower limb deformities

-   Rigorous qualitative component of this study will ensure content validity of this PRO instrument.

-   Adherence to rigorous guidelines of PRO instrument development and the use of modern psychometric methods will make this PRO instrument as scientifically sound and clinically relevant as possible.

-   A long time period to completion is needed since this study involves multiple iterative steps involving patients and clinicians from high-income and lower-middle income countries.

Introduction {#s1}
============

The growing trend towards patient-centred care has led to increased use and development of patient reported outcome (PRO) instruments. PRO instruments measure concepts that matter to patients (eg, health-related quality of life (HRQOL), symptoms and function) from their perspective.[@R1] Guidelines exist to inform the development of a new PRO instrument, which can be a lengthy, rigorous and iterative process.[@R2] Most PRO instruments are developed in one language and in a single country. Subsequent versions are then translated and adapted for use in other countries when needed.[@R2] A methodologically stronger approach for internationally applicable measures is to develop a new PRO instrument internationally from the start. In this approach, both the qualitative data used to develop scales and subsequent analysis to refine the scales can be used to ensure that final content of a new PRO instrument covers the concerns of patients in different contexts and cultures.

Lower limb deformities describe a range of conditions that may result from congenital defects in fetal development, or are acquired during growth.[@R8] They may also arise from trauma, infection, benign or malignant tumours, or other medical conditions. Lower limb deformities primarily include leg length discrepancy, lower limb deficiency and associated angular and rotational deformities. Epidemiological data vary for each of these abovementioned conditions. Overall, the incidence of lower limb reduction defects is estimated to be 2 per 10 000 live births in the USA.[@R9] Leg length discrepancy of greater than 2 cm was found in at least 1 in every 1000 people as shown in a retrospective study from France.[@R10]

Children with lower limb deformities often have physical limitations and gait problems and may also experience pain and discomfort. The abnormal appearance, function and hence the resulting dissatisfaction can discourage participation in recreational and leisure activities in these children, which can, consequently, be associated with behavioural, emotional, psychological and social adjustment problems.[@R11] The problems listed above, along with the complex and long treatment procedures involved for lower limb deformities, can have a considerable effect on the HRQOL of these children.[@R15]

HRQOL is a multidimensional concept that measures a subject's perception of the effects of illness and/or treatment(s) on their daily life, well-being and physical, psychological and social functioning.[@R3]

For accurate measurement of concepts such as HRQOL, it is important to have psychometrically sound (both reliable and valid) measurement instruments.

A systematic review indicated that no PRO instrument exists to measure HRQOL for children and adolescents with lower limb deformities.[@R22] Due to the lack of a condition-specific PRO instrument for lower limb deformities, the HRQOL of children with lower limb deformities has been measured by either using a generic or a parent-reported HRQOL instrument.[@R22]

To address this gap, our aim is to develop an internationally applicable PRO instrument to measure HRQOL of children and adolescents with lower limb deformities. In this article, we describe our methodology and progress to date.

The HRQOL tool developed at the end of this project will help assess the baseline HRQOL of children with lower limb deformities. In the long term, this tool will be used by healthcare professionals such as orthopaedic surgeons, physiotherapists, occupational therapists, podiatrists, nurses and other healthcare professionals involved in the care of children with limb deformities to look at the effectiveness of relevant interventions for these children in terms of improving their HRQOL. The evidence generated by the long-term use of this HRQOL instrument about the effectiveness of various treatments will eventually help develop or modify interventions/treatment plans, healthcare services and target care to achieve a better HRQOL for children and adolescents with lower limb deformities. The development of a PRO instrument will benefit future patients with lower limb deformities by measuring their HRQOL and thus helping improve their health outcomes. This new PRO instrument will also help healthcare professionals, patients and their families in making important decisions about treatment choices, such as amputation versus reconstruction.

Methods {#s2}
=======

We adhere to best practice guidelines for development of PRO instruments.[@R2] Our team follows a mixed methods iterative approach (see [figure 1](#F1){ref-type="fig"}).[@R24] The qualitative phase will ensure that the items generated are grounded in the experiences of the children and adolescents with lower limb deformities and the psychometric analysis will determine how well the items measure the concept of interest (COI). Three iterative and interactive phases involved include the following: (1) development of a conceptual framework of HRQOL and item pool that is used to inform a set of preliminary scales; (2) an international field-test study to refine the scales and examine their psychometric properties; and (3) further tests of reliability, validity and responsiveness ([figure 1](#F1){ref-type="fig"}).

![Flow diagram showing the multiphase mixed methods protocol to develop a patient-reported outcome instrument for children and adolescents with lower limb deformities. It is important to note that the process can be iterative and interactive as opposed to a strict linear process. This figure has been reproduced with permission from Wong Riff KWY, Tsangaris E, Goodacre T, *et al* International multiphase mixed methods study protocol to develop a cross-cultural patient-reported outcome instrument for children and young adults with cleft lip and/or palate (CLEFT-Q) BMJ Open 2017;7:e015467. QUAN, quantitative study component; QUAL, qualitative study component.](bmjopen-2018-027079f01){#F1}

Patient and public involvement {#s2a}
------------------------------

There was no direct patient and public involvement during the protocol development. However, this study itself involves direct patient engagement.

Phase 1: what should we measure {#s2b}
-------------------------------

This phase involves the development of a conceptual framework and generation of an item pool to inform scale development. This phase will establish content validity of the new instrument.[@R4] This phase has three steps as explained below.

Step 1 involves development of a conceptual framework of HRQOL for children and adolescents with lower limb deformities (in progress).

Systematic review {#s2c}
-----------------

We performed a systematic review to identify PRO instruments used to measure the HRQOL of children and adolescents with lower limb deformities. Findings were used to develop a preliminary conceptual framework.[@R22]

Qualitative interviews {#s2d}
----------------------

Rigorous qualitative research is a crucial foundation in the development of PRO instruments.[@R25]

Recruitment {#s2e}
-----------

Participants are being recruited from five orthopaedic centres in high-income (Canada---two centres and USA), lower-middle income (India) and low-income countries (Ethiopia). Our aim is to recruit a maximum variation sample that differs by type of lower limb deformities, type and stage of treatment, age, gender and country. All interviews at one Canadian and one US English speaking centre and one Indian Hindi/Punjabi speaking centre are conducted by one lead interviewer (fluent in Punjabi, Hindi and English) at the main study site (the site where the first and the senior author are located). Interviews at the French speaking Canadian centre and Amharic speaking Ethiopian centre are conducted by local interviewers at those respective sites, trained by the lead interviewer at the main study site to ensure uniformity during the interview process.

Inclusion and exclusion criteria {#s2f}
--------------------------------

Participants are aged 8 to 18 years with any of the following congenital or acquired lower limb conditions as diagnosed by an orthopaedic surgeon: lower limb reduction defects, leg length discrepancy and associated angular and rotational deformities. Isolated knee, foot and ankle conditions without any limb length discrepancy or limb deformity are not included. Children and adolescents with comorbidities that may have confounding effects on their HRQOL and/or cognitive or developmental delay that may affect their ability to communicate are excluded from this study.

An interview guide with open-ended questions and probes covering concepts from other PRO instruments identified in the systematic review was developed.[@R22] The interview guide is modified after each interview as needed to include new themes that are then raised in subsequent interviews. The interview guide was prepared in English and translated into French, Amharic and Hindi/Punjabi. French translations were done by the native French speaker who also conducted the interviews at the French speaking site. Amharic translations were conducted by a native Amharic speaker who also conducted the interviews at the Amharic speaking site. Hindi/Punjabi translations were conducted by the lead interviewer who is a native Hindi/Punjabi speaker and also conducted interviews at the Hindi/Punjabi speaking site. Interviews will be conducted until data saturation.[@R26]

Data collection {#s2g}
---------------

Parent consent and participant assent is obtained from each family. Demographic (age, gender, ethnicity) and clinical (diagnosis, type and stage of treatment) data are collected for each participant. Individual face-to-face interviews are conducted with the participant and parent(s) where possible. Interviews are audio-recorded and transcribed/translated into English. English interviews are transcribed by professional transcriptionist fluent in English. French interviews are translated and transcribed by a professional bilingual transcriptionist. Amharic translation and transcription are conducted by the same person conducting the interviews who is a native Amharic speaker. Hindi/Punjabi interviews are translated and transcribed by the lead interviewer who is native speaker of those languages.

Participants from the main study site in Canada are also invited to take part in photo elicitation interview (PEI) whereby they are invited to take pictures to show how their life is affected by their leg condition. These PEI using participant produced photographs will help us overcome any age-related linguistic and cognitive barriers in our young participants.[@R27]

Data analysis {#s2h}
-------------

The qualitative methodology used is interpretive description (ID). ID is a 'non-categorical methodological approach' that acknowledges the theoretical and practical knowledge that the researchers bring to a project to generate relevant knowledge for a clinical context.[@R28] The underlying qualitative paradigm is 'pragmatism' which means that an individual's (patients' and/or caregivers') understanding of a concept is of greatest importance in understanding the impact of their condition on their HRQOL, regardless of the clinical explanations.[@R30]

Interviews in English are transcribed verbatim. Interviews in other languages are transcribed and translated into English. All data are analysed by one researcher at the main study site. A line-by-line approach is used to code the data, with constant comparison methods to identify and categorise the concepts of interest (COI). The identified concepts are categorised into overarching top-level domains and subdomains. Data collection and analysis are being conducted concurrently and iteratively. The preliminary conceptual framework is revised based on the analyses.

Rigour {#s2i}
------

The truth value, applicability, consistency and neutrality will be assessed to establish rigour for the qualitative phase.[@R31] We use member checking as a way of establishing the truth value and credibility of our results. The applicability of the results will be determined in terms of fittingness of the quotations from the study participants to the scales derived from this data.[@R31] The scales will be taken back to the study participants for their feedback. The consistency of the qualitative findings will be evaluated by their auditability. Auditability will be maintained by keeping a clear decision trail during analysis. We will use confirmability as the criterion for neutrality, which means that we will be reflexive about the research process and the findings

Step 2 will involve item generation and scale development.

Item generation {#s2j}
---------------

Coded qualitative data will be used to generate a comprehensive item pool. In developing draft items, the wordings of patients will be used as much as possible to ensure that the items will resonate well with them. The item pool will be analysed to identify common/unique issues and how these vary by age (child vs adolescents), leg condition and country. We will follow guidelines in regard to appropriate health-related vocabulary, reading level, response scale, response options, recall period and length of instrument.[@R23] We will use the item pool to create independently functioning scales that act like 'rulers' where the items map out a clinical hierarchy for each of the COI.

Step 3 will involve clinical input, cognitive debriefing interviews and refining the scales.

Clinician input {#s2k}
---------------

Clinicians (orthopaedic surgeons, nurses, occupational therapists, physiotherapists, podiatrists and psychologists) and other experts (experts in HRQOL studies and measurement) will be invited to provide feedback on the scales using a Research Electronic Data Capture (REDCap) survey.

Cognitive debriefing interviews {#s2l}
-------------------------------

Cognitive debriefing interviews with participants will be conducted to determine if patients understand the instructions, response options and items of the new HRQOL instrument and to identify missing content. Participants will review the HRQOL instrument with the interviewer using the 'Think Aloud' technique with verbal probing.[@R37] Interviews will take place in a series of rounds to allow time to make changes to the instrument and then obtain feedback on those changes. Interviews will start in English centres and continue until no further changes are needed. Translated versions (pragmatic translations) of items and scales will be created (one country at a time) and cognitive debriefing interviews will be conducted in turn in French, Amharic and Hindi/Punjabi.

Translation and cultural adaption {#s2m}
---------------------------------

We will follow the principles of good practice for translation and cultural adaption (TCA) for PRO instruments.[@R2] The first step will involve two independent forward translations from English to each target language (Canadian French, Amharic, Hindi and Punjabi). All translations will be conducted by the native speakers of that language who are also fluent in English. The two forward translations will be compared and reconciled. A back translation of the reconciled versions will be conducted by the native speakers of that language who are also fluent in English and reviewed by the research team (research team has members who are native speakers of English, French, Amharic, Hindi and Punjabi and are also fluent in English). Harmonisation of the multiple language versions will identify any discrepancies across language which will then be addressed. Cognitive debriefing interviews with a small group of children (at least five) with lower limb deformities in each country will be conducted to determine understandability, interpretation and cultural relevance of each translation. Translations will be revised and finalised based on the feedback obtained.

Phase 2: how should we measure the concepts identified in Phase 1 and which questions are effective? {#s2n}
----------------------------------------------------------------------------------------------------

We will field test the new PRO instrument in a large sample of children and adolescents with lower limb deformities in Canada, Ethiopia, India and the USA. The data collected will be analysed to examine scale performance and to develop their scoring algorithms. We will use Rasch measurement theory (RMT) analysis to examine item and scale performance against a set of psychometric criteria.[@R40] In the RMT approach, scales are created along which an individual is placed based on the probability that the respondent answered the items in a certain way. RMT scales provide interval level measurement, which allows to accurately measure change over time.[@R43] A scale based on the RMT analysis will provide person estimates which are independent of the sampling distribution of the items. The psychometric properties of the scales will be defined using the RMT analysis.

Pilot field testing {#s2o}
-------------------

A preliminary RMT analysis will be conducted with the pilot field test data from the Canadian and US centres to identify any changes needed prior to launching the international field test study. Participants will also be asked to provide qualitative feedback on the new instrument specifically about the length of the instrument, anything in the instrument that they do not like and any other comments on improving the instrument.

Study participants {#s2p}
------------------

Participant eligibility will be the same as in the qualitative phase.

Data collection {#s2q}
---------------

Participants will be invited to complete the new PRO instrument. Information on age at the time of data collection, sex, type of deformity and type and stage of treatment will also be collected.

Data analysis {#s2r}
-------------

The results from the RMT analyses and the qualitative feedback will be used to revise the scales.

International field test and RMT analysis {#s2s}
-----------------------------------------

International field testing will be done at multiple centres to collect data from a large sample of children and adolescents with lower limb deformities.

Study participants {#s2t}
------------------

Participants from current collaborating centres and additional centres will be included. Eligibility criteria will be the same as in the qualitative interviews. Target sample size will be a minimum 108--200 participants per country in order to achieve item calibrations that are stable within 0.5 logits (person location estimates) with a 99% CI.[@R44]

Data collection {#s2u}
---------------

Mode of data collection will be based at the discretion of each site and can include paper version or electronic with data entered directly into a REDCap.[@R45] Demographic data collected from each site will include age at the time of data collection, gender, ethnicity, country, language spoken, type of limb deformity, type and stage of treatment and any future treatment plans.

Data analysis {#s2v}
-------------

Data will be analysed using Rumm2030 software.[@R46] In RMT analysis, a number of tests and criteria are applied to examine item and scale performance. (1) Threshold for item response options must be ordered, that is, a '1' on a 4-point scale must be lower on the continuum than a '2'. RMT analysis defines the hierarchy of items on the scale, from the easiest question for a participant to endorse to the hardest question to endorse. (2) Item fit statistics will be used to evaluate whether the data fits the Rasch model. Three indicators of fit to be used are log residuals (item person interaction), χ^2^ values (item--trait interaction) and item characteristic curves.[@R41] These item fit statistics will be interpreted along with their clinical relevance. Items that do not fit these three criteria will be dropped unless they pertain to clinically important concepts. (3) All items of a scale should define a continuum. Inspecting where items are located on the continuum in respect to the other items will indicate how well the items map out a particular construct. The range of construct measured by a scale will be compared with the range of the construct experienced by the target study population (scale to sample targeting).

Unidimensionality {#s2w}
-----------------

This will be checked to find out whether all the items on a scale measure only one common construct.[@R48] If the observed data (for each scale) from the field test fit the Rasch model, it will be assumed that the individual scales are unidimensional.

Internal consistency reliability {#s2x}
--------------------------------

This will measure how items are related to each other on a scale. Person Separation Index will be used to measure the precision of a person estimate.[@R41]

Differential item functioning {#s2y}
-----------------------------

This test identifies items that perform differently (bias) for subgroups within a sample. We will examine differential item functioning (DIF) by age-group, gender and country. When items are significant for DIF, the measurement ruler is not stable across the subgroups.[@R40]

Item reduction {#s2z}
--------------

The graphical and statistical tests described above will be examined together to identify items with poor performance that could be dropped. Distribution of item locations and clinical relevance of items will also guide decisions about item reduction. RMT analysis will also provide a scoring system for the scale.

Normative data {#s2aa}
--------------

Normative data scores for the field test participants will be calculated using the scoring system. Normative data and associations between the demographic variables and the test scores will be examined.

Construct validity {#s2ab}
------------------

This scale property will be examined by assessing the internal structure (structural validity) of the new PRO instrument, internal relationships, hypothesis testing and cross-cultural validity.[@R49] The internal structure (dimensionality) and cross-cultural validity (DIF) will be tested during the RMT analysis. Specific a priori hypotheses include an indication of the expected direction and magnitude of correlations or differences in responses obtained from certain patient groups.[@R50] Children and adolescents with untreated lower limb deformity will have a lower HRQOL as compared with the children who have received treatment.

Phase 3: how does the instrument work? {#s2ac}
--------------------------------------

This phase will involve further evaluation of measurement properties of the final version of the HRQOL instrument including its reliability, validity and responsiveness.[@R52]

Study participants {#s2ad}
------------------

The inclusion criteria for participants in this phase of the study will be the same as the previous phases. For responsiveness, lower limb deformity participants that are undergoing limb lengthening/deformity correction using various methods (eg, external fixator device, internal fixation, epiphysiodesis or amputation) will be recruited from collaborating sites in Canada and USA.

### Test--retest reliability {#s2ad1}

Test--retest reliability will be established by asking participants to complete the new PRO instrument 2 weeks after the initial assessment. Intraclass correlation coefficient of 0.70 will be considered acceptable for the scales being tested in participants whose leg condition is stable during the time interval.[@R53]

### Construct validity {#s2ad2}

Construct validity will be established by administering the new HRQOL instrument alongside the PedsQL, a generic HRQOL instrument measuring physical, social, emotional and school function.[@R54] Scores from the generic PRO instrument measuring similar domains as the new PRO instrument will be expected to correlate more strongly than domains measuring dissimilar constructs.

### Criterion validity {#s2ad3}

Criterion validity is the degree to which the scores from the new PRO instrument adequately reflect a 'gold standard' instrument.[@R51] The aim of this analysis is to compare the new PRO with another instrument used in the past in patients with lower limb conditions, that is, the Lower Limb Outcomes Questionnaire.[@R55] The Lower Limb Outcomes Questionnaire measures pain, stiffness, swelling and function. We expect scores from the physical health subscale of the new PRO instrument to correlate more with scores from the existing PRO instrument as compared with the correlation between other subscales such as psychological health and social health.

Responsiveness is the ability of the instrument to detect clinically meaningful change over time in the construct being measured.[@R51] In order to assess the responsiveness of a PRO instrument, anchor-based and distribution-based approaches are recommended.[@R56] RMT analysis allows for an increased detection of responsiveness.[@R59] The participants will be asked to complete the new PRO instrument both preoperatively and an appropriate time postoperatively to determine responsiveness.

For patient-based anchors, self- reported global assessment of change in their HRQOL will be used to categorise patients into groups that reflect different amounts of change in their HRQOL. Patients will be asked to classify them into four groups: no improvement, small improvement, medium improvement and large improvement after removal of the external fixator. Minimally important difference will be determined as average change (post minus pre) observed in the score on the new HRQOL instrument in the small improvement group using the transformed Rasch scores. A distribution-based approach will be used. The Rasch scores before and after treatment will be compared using paired t-tests. An effect size and standardised response mean will be calculated to measure change.[@R56] Finally, the significance of a person's own change will be calculated using individual person estimates, which are associated with standard errors.[@R59]

Ethics {#s3}
======

All information collected is securely stored at institutional computers in password-protected files. Maintaining patient confidentiality presents challenges in any qualitative research. However, in this study, the authors will try to maintain patient confidentiality as much as possible. All qualitative data will be clearly examined to remove any personally identifying information and will be stored securely at each of the participating institutions.

Study participants may be asked to discuss about issues related to their limbs that are sensitive and may trigger distress. In order to address this issue, participants are made aware of this during the consenting process and are given an option to follow-up with the study team.

Dissemination {#s3a}
-------------

This study will take an integrated knowledge translation approach. Collaborations with multiple sites internationally will hopefully result in increased uptake and the use of this PRO instrument in the future. The results of this study will be published in peer-reviewed journals.

Expected outcome and significance {#s3b}
---------------------------------

We expect to produce an international PRO instrument that is scientifically sound and clinically relevant for lower limb deformities. Once developed, we expect that this new PRO instrument will be used internationally by healthcare professionals and researchers to examine the effectiveness of interventions in terms of improving the patient HRQOL.
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